Regulation of gamma-glutamate-cysteine ligase expression by oxidative stress in the mouse preimplantation embryo.
The present study examined expression of gamma-glutamate-cysteine ligase (GLCL; also known as gamma-glutamylcysteine synthetase), the rate-limiting enzyme for de novo synthesis of glutathione, in the preimplantation mouse embryo. Previous studies indicated that the cleavage stage embryo is unable to synthesize glutathione de novo. It is hypothesized that GLCL mRNA and protein are not normally expressed in the cleavage stage embryo, but either glutathione depletion or oxidation may induce their expression. In untreated embryos, RT-PCR and Western blotting revealed GLCL heavy subunit (GLCL-H) mRNA and protein only at the blastocyst stage of development. Furthermore, while diethyl maleate (DEM) exposure to deplete cellular glutathione did not induce expression of GLCL-H, exposure to tertiary-butyl hydroperoxide (tBH), an oxidizing agent, resulted in significant upregulation of GLCL-H expression in two-cell embryos. Neither treatment affected expression in blastocysts. Finally, HPLC analysis confirmed that tBH-treated embryos experienced oxidative stress, as indicated by an increase in the ratio of oxidized to reduced glutathione. This oxidative stress induced de novo glutathione synthesis in the cleavage stage embryo, as demonstrated by the subsequent recovery of reduced glutathione levels following DEM-induced depletion. In the absence of tBH treatment, however, cleavage stage embryos could not recover GSH after DEM-mediated depletion. This study demonstrates that the preimplantation embryo has the capacity to upregulate glutathione synthesis in response to oxidative stress but not GSH depletion. These results suggest that, while the preimplantation embryo is well adapted to dealing with oxidative stress, it may be poorly protected from GSH-depleting toxicants.